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ASSAY FOR CATIONIC SURFACTANTS 

Field of the Invention 

This invention relates to an assay for cationic 
surfactants* 
5 Background of the Invention 

Quaternary ammonium pesticides such as Diquat have 
been determined by HPLC ion-pair systems. A simpler, 
sensitive assay for quaternary compounds is desirable, 
especially since cationic surfactants of this type are 

10 widely used, e.g. in waste disposal, shampoos and, as 
biocides, in cooling towers. Examples of biocidal cationic 
surfactants that are used in cooling towers, in order to 
control organisms such as Legionella SPP, are 
( a 1 k y 1 ) q u a t e r n i s e d compounds such as 

15 tetrakis(hydroxymethyl)phosphonium sulphate, tributyltetra- 
decylphosphonium chloride, dimethylbenzylammonium chloride 
and polymeric biguanide hydrochloride (respectively 
available under the trade names Tolcide, Bellacide 3 50, 
Hyamine 3500 and Vantocil) . It is very desirable to 

20 monitor the level of such compounds in water, e.g. from 
cooling towers and also in cutting fluids, effluents and in 
the paper industry. 
Summary of the Invention 

According to the present invention, the presence of a 

25 cationic surfactant in an aqueous sample is determined by 
contacting the sample with an aromatic dye having 
sulphonate groups, the dye and the surfactant giving a 
characteristic colour depending on the detergent 
concentration, at an appropriate pH, and comparing the 

30 concentration at which the characteristic colour is 
observed with a standard. 
Description of the Invention 

The present invention is based on the discovery that, 
in practical biocide dosage ranges, certain dyes have the 

35 characteristic defined above. Many aromatic dyes, having 
an appropriately conjugated chromophore, e.g. azo dyes, are 
known, and dyes of this type suitable for use in the 



BNSDOCID: <WO 9409360A1J_> 



WO 94/09360 



PCT/GB93/02167 



invention may be determined by simple testing. Examples of 
dyes that can be used in accordance with the present 
invention are Direct Yellow 50 , Evans Blue and Alphazurine 
A, having the respective CAS numbers 3214-47-9, 314-13-6 
5 and 3486-30-4. Patent Blue VF may also be used. 

The reaction is conducted at a pH at which the 
interaction occurs. For azo-sulphonate dyes such as Direct 
Yellow and Evans Blue, in salt form, the pH is usually 
below 6, more usually below 5, and often much lower, e.g. 
10 about 1, for which purpose an acid is added, or a buffer. 
The pH may also determine colour stability. For Direct 
Yellow 50 at least, the test may be conducted in 2 M HC1. 

In a first embodiment of the invention, a test has 
been developed to determine Bellacide 350 (e.g. at 0-18 
15 /xg/Hil) in water samples. In this test, Direct Yellow 50 is 
added to a water sample containing Bellacide, and 
acidified. The resulting colour of the solution is matched 
to a colour standard representing a given Bellacide 
concentration . 

2 0 A similar colour change is given with approximately 

three times the concentration of Hyamine. Depending on the 
concentration of the detergent in the sample, dilution may 
be required in order to give the best match with the 
standard. Interference between Hyamine and Bellacide is 
25 not a practical problem, as only one of the two biocides is 
part of a dosing regime in any cooling tower system. 

The standard is suitably provided in a colour 
comparator of the type produced by Lovibond, in which 
different shades are provided on a disc and correspond to 

3 0 a calibrated concentration. The disc is rotated until the 

one colour showing matches that provided by the adjacent 
sample. 

More specifically, a suitable comparator disc has a 
range of colours from blue/purple to yellow, respectively 
35 corresponding to 0 and 18 Mg/ml Bellacide. Shades between 
the two colour extremes suitably correspond to increments 
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of 3 ng/ml. Matching may occur immediately after reagent 
addition. 

The test method has been conducted in the presence of 
various Polymates and the biocides Aqucar, Bronopol, DBNPA, 
5 Dithiol, Kathon and MBTC. None of these biocides was found 
to interfere and only one Polymate exceeded a 5% 
interference. The test was effective in the presence of 
2000 ppm artificial hardness. 60 water samples were spiked 
with 15 nq/ml Bellacide; satisfactory results were obtained 

10 in all cases. 

In a second embodiment of the invention , a test has 
been developed to determine Hyamine 3500 (0-40 jig/ml) in 
water samples by adding Evans Blue dye dropwise to a 
solution buffered to pH 4.6 with sodium acetate-acetic acid 

15 solution. A colour change from purple to blue is observed 
at the end point. The quaternary phosphonium compound 
Bellacide 350 (and Vantocil) also react, although other 
biocides or additives used in cooling tower water and that 
have been tested do not react. 

20 The amount of dye and buffer needed to produce a 

graduated end-point have been optimised. In addition, a 
set of standard colour changes has been set up so that an 
increase in Hyamine 3500 of 5 Mg/ml would require an 
additional one drop of dye to change the colour from purple 

25 to blue. 

For a dye such a Alpha zurine A, an acid dye in RO 
water, the reaction is usually done at a pH above 10, e.g. 
about 13, for which purpose a base is added. More 
particularly, in a third embodiment of the invention, it 

30 has been found that Alphazurine A can be used to detect 
Hyamine 3500 at a concentration range of 0 to 20 ppm; this 
may be increased to 0 to 40 ppm, by 1:1 dilution, e.g. in 
increments of 5 ppm. The test comprises only three stages, 
and can take less than seven minutes to complete. It does 

35 not give a single colour but rather a range of colours from 
turquoise to pink, depending on the concentration of the 
Hyamine 3 500 present. 
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The end-point of the reaction is a pink colour, but 
the higher the concentration of Hyamine 3500, the faster 
this end-point is reached. As a result, assessing the 
colour obtained after a fixed length of time means that a 
5 particular colour can be related to a specific 
concentration. The colour changes from turquoise to blue 
to purple to pink. 

The amount of sodium hydroxide (as a suitable base) 
required for the test results in a precipitate in hard 
10 water samples. When 5M sodium hydroxide was combined with 
0.2M EDTA, this gave satisfactory results in water which 
had a total hardness of up to 1000 ppm (as CaC0 3 ) . 

Addition of 2M hydrochloric acid reduces the pH 
slightly and this slows down the rate of colour change. It 
15 also appears to slightly shift the colour obtained back 
towards the blue and so generates a wider range of colours. 

The following Examples illustrate the invention. 
Example 1 

The following procedure was used: 
20 1. Add 20 ml of 2 M HCl to reaction vessel. 

2. Add 3.5 ml of sample to vial containing 86.6 /zg 
f reeze-dried Direct Yellow 50, gently swirling 
the solution around for a few seconds. 

3 . Immediately pour contents of vial into reaction 
25 vessel. Transfer a portion in the reaction 

vessel back to the vial and then return. Repeat. 

4. Transfer contents of reaction vessel to 40 mm 
cell, placing in right-hand compartment of 
Lovibond comparator and tap/R.O. water in left- 

30 hand compartment and rotate disc until a match is 

obtained. 

Example 2 

The procedure of Example 1 was followed, except that 
step 2 was modified as follows: 
35 2. Add 3.5 ml of sample to glass container. Add 25 

Ml of 0.005 M Na 2 S 2 0 3 and mix well. Transfer to 
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vial containing 86.6 Direct Yellow 50, gently 
swirling the solution around for a few seconds. 
This modification is suitable for use with chlorine 
interference- The given method will neutralise up to 
5 approx. 5 ppm chlorine. 
Example 3 

The following procedure was used: 

1. Transfer 2 0 ml of 2 M HC1 to 40 mm Lovibond cell. 

2. Add 3.5 ml of a water sample. 

10 3. Add 65 /il of 1.332 mg/ml Direct Yellow 50 (in RO 

water) , mix and compare to disc immediately. 

Example 4 

The following procedure was used: 
1. Add 1 ml of sample to a 40 mm Lovibond cell. 
15 2. Add 5 ml 0.5 M sodium acetate buffer. 

3. Fill to the 20 ml mark with R.O. tap water. 

4. Add 100 ^1 drops of 56 /ig/ml Evans Blue. After 
adding each drop compare to the standard colour 
expected to be obtained for that number of drops. 

20 If the sample colour is more purple than the 

standard, continue adding Evans Blue dropwise, 
and comparing with the standard colours, until 
the sample is more blue than the corresponding 
standard . 

25 5. The number of drops of Evans Blue needed is 

directly proportional to the concentration of 
Hyamine 3500. 

Example 5 

The results shown below were obtained by the following 
3 0 protocol: 

To 5 ml sample add 5 ml water followed by 500 /il 0.1 
mg/ml Alphazurine A. Mix and wait 1 minute. 

Add 5 ml of a 5M sodium hydroxide with 0.2M EDTA 
solution. Mix and wait 3.5 minutes. 
3 5 Add 5 ml 2M hydrochloric acid. Mix and assess the 

concentration by comparison of the colour with a range of 
standards. 
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6 

Results obtained for 0 to 4 0 ppm Hyamine 3 500: 



ppm 




0 


yellowed turquoise 


5 


turquoise 


10 


blue - turquoise 


15 


blue 


20 


purple 


25 


purple - pink 


30 


pink - purple 


35 


pink + purple 


40 


pink 



In the presence of other biocides and cooling tower 
water additives, no major interferences were detected at 
normal cooling tower dose levels except for Bellacide 3 50 
15 (see below) and Fentichlor. The procedure has performed 
well with real water samples, with no unexpectedly high or 
low results when these water samples have been spiked with 
Hyamine 3500 in the laboratory. 
Example 6 

20 Bellacide 350 reacts with about half of the activity 

of Hyamine 3500. A method for Bellacide 350 has been 
developed (for which Hyamine 3500 reacts also) , following 
the protocol of Example 1, but waiting 15 minutes after the 
mixing with NaOH and EDTA, and using 1M HC1. 
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CLAIMS 

1. A method of determining a cationic surfactant in an 
aqueous sample, which comprises contacting the sample with 
an aromatic dye having sulphonate groups , the dye and the 

5 surfactant giving a characteristic colour depending on the 
concentration of the surfactant, at an appropriate pH, and 
comparing the concentration at which the characteristic 
colour is observed with a standard. 

2. A method according to claim 1, wherein the sample 
10 contains up to 40 ppm of the surfactant. 

3. A method according to claim 1 or claim 2, wherein the 
pH is below 5. 

4. A method according to claim 1 or claim 2, wherein the 
pH is above 10. 

15 5. A method according to claim 3, wherein the dye is 
Evans Blue. 

6. A method according to claim 3, wherein the dye is 
Direct Yellow. 

7 . A method according to claim 4 , wherein the dye is 
20 Alphazurine A. 

8. A method according to any preceding claim, wherein the 
surfactant is a quaternised alkylphosphonium or 
alkylammonium salt. 
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